The xynB gene encoding a xylanase from the recently isolated Bacillus sp. strain BP-23 has been cloned and expressed in Escherichia coli. The enzyme produced in this host shows a molecular size of 41 kDa and a p1 of 4.5. The pH and temperature at which the highest activity was found were 5.5 and 50°C respectively. Crude xylanase B showed activity on xylan, aryl xylosides, xylotetraose and xylotriose, while xylobiose was not hydrolyzed by the enzyme. Xylanase B showed high specific activity on aryl xylosides, probably as a result of the transxylosidase activity detected.
Introduction
Biodegradation of xylan, a component of hemicelluloses, requires the action of two major enzymes, xylanases
(1,4-P-o-xylan xylanohydrolase; EC 3.2.1.8) and P-xylosidases
(1,4-P-o-xylan xylohydrolase; EC 3.2.1.37). These enzymes are useful tools in saccharification of xylan, abundant in agricultural wastes, for fuel and single cell protein production. Xylanases have also important applications in the pulp industry, and can be used in the brewing and baking industries [l] .
Xylanases cleave internal linkages in the xylan backbone, yielding oligosaccharides which are further hydrolyzed by P-xylosidases to xylose molecules.
Xylanases can also hydrolyze xylooligosaccharides but they do not hydrolyze xylobiose. On the contrary, P-xylosidases hydrolyze xylobiose and usually release xylose from aryl xylosides. Xylanases from several bacteria and fungi have been characterized and their genes cloned [2] . Some of these enzymes show activity on pnitrophenyl-P-xyloside and other aryl xylosides [3-51. In these paper we report the characterization of a xylanase from an alkalitolerant isolate of Bacillus that shows higher specific activity on aryl xylosides than on xylan.
Materials and methods

2.1.
Construction of a genomic library was prepared as described [7] . DNA was partially digested with Sau3A1, fragments of 4 to 7 kb were isolated and ligated to BamHI digested pBR322. The Bacillus sp. strain BP-23 was cultivated as deresulting molecules were introduced in E. coli 5K scribed [6] . Escherichia coli 5K cells were grown in cells by transformation according to the method of LB medium. Plasmids pBR322, pUCl8 and pUC19
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Enzyme assays
Xylanase activity was assayed as described [61. The assay mixture for determining enzymatic activity contained 0.5% of xylan, pNP-P-xyloside or oNP+xyloside (Sigma Chemical Co., St. Louis, MO) in a final volume of 0.1 ml of 50 mM acetate buffer pH 5.5. The mixture was incubated at 35°C for 1 h for xylanase activity and for 15 min for P-xylosidase activity. Colour development was measured at 520 nm for xylan, 400 nm for pNP-/3-xyloside and at 420 nm for oNP-P-xyloside.
One unit of enzymatic activity was defined as the amount of enzyme that releases of 1 pmol of reducing sugar equivalent, p-nitrophenol or o-nitrophenol per minute under the assay conditions described.
Thin layer chromatography
Products from xylan and xylo-oligosaccharides hydrolysis were analyzed on silica gel plates (Merck, Darmstadt). The solvent used was chloroform-acetic acid-water (6:7:1). Saccharides were detected by spraying the plates with an ethanol-concentrated sulfuric acid mixture (95:5).
Gel electrophoresis and zymograms
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed in 10% gels essentially as described by Laemmli [lo] . Native gel electrophoresis was performed according to Hames and Rickwood [ll] . Zymogram analysis was performed as described [6] .
Results
I. Cloning of xylanase B encoding gene
A gene library from Bacillus sp. BP-23 was constructed as described in Section 2 and screened for xylanase activity on agar LB plates containing 0.4% oat spelt xylan. Two clones out of the 4000 tested showed clear haloes around the bacterial growth and were selected. These clones carried recombinant plasmids with different inserts that contained a common DNA segment of 4.8 kb. The clone carrying the plasmid with the highest size insert, E. coli 5K/pX20 was chosen for further experiments (Fig. 1) .
Hybridization analysis was performed on chromosomal DNA from E. coli and Bacillus sp. BP-23. A 2.2 kb KpnI-Hind111 fragment of pX20 was used as a probe for the cloned DNA. The probe hybridized to identical size DNA bands from Bacillus sp. BP-23 and pX20 doubly digested with KpnI and HindIII, while no hybridization was detected to E. coli chromosomal DNA nor pBR322 (data not shown). These results confirmed that DNA contained in pX20 originated from Bacillus sp. BP-23.
Substrate specificity
The activity of the enzyme produced by the recombinant clone was tested on several polysaccharides. Cells from E. coli 5K/pX20 cultures were disrupted by sonication, centrifuged at 10 000 X g , and supematants
were dialyzed against water and used as crude extracts. Cell extracts showed high hydrolytic activity on xylans from birchwood and oat spelt, methylglucuronoxylan, pNP-P-xyloside and oNP-P-xyloside.
Activity was not found on arabinogalactan, laminarin, lichenan, carboxymethyl cellulose, Avicel, polygalacturonate, pectin, starch, pNP-P-glucoside or pNP-a-arabinoside (Table 1 ). The fact that E. coli 5K/pX20 showed high activity on both xylan and aryl xylosides could indicate that plasmid pX20 carried two different genes coding for xylanase and P-xylosidase activity respectively. To study this possibility we subcloned the 5.4 kb DNA insert of pX20 in plasmid vectors pUCl8 or pUC 19. One of the smallest plasmids constructed, pX60, carried an insert of 1.7 kb and when introduced in E. cofi 5K conferred to the cells activity on both xylan and aryl xylosides (Fig. I ). Cells transformed with plasmid pX.59, a derivative of pX60 in which 0.3 kb at the EcoRI end of the insert had been removed, did not show activity against any of the substrates. In all the other subclones constructed, both activities showed up or were absent simultaneously.
These results suggested that a unique gene was cloned which coded for an enzyme with both xylanase and /3-xylosidase activity.
Mode of uction on xylun und xylo-oligosaccharides
We analyzed the products of enzyme hydrolysis of xylan and xylo-oligosaccharides by thin-layer chromatography (Fig. 2) . Birchwood xylan was hydrolyzed giving rise to xylotetraose and xylobiose as main products; a small amount of xylose was also 
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Thin-layer chromatograms of xylan and xylo-oligosaccharide hydrolysis products. Cell extracts from E. coli SK/pX20 were incubated at 35°C with 0.5% xylobiose (X,), xylotriose (X,), xylotetraose (X,) or birchwood xylan (X,). Samples were taken at time 0 (lanes O), 10 min (lanes I). 20 min (lanes 2). I h (lanes 3). or 3 h (lanes 4). and products of hydrolysis were analyzed. Lanes M contain size markers of xylose (X, ), xylobiose (X, ), xylotriose (X 1) and xylotetraoseo(,) (MegaZyme, Australia). produced. Xylotetraose and xylotriose were hydrolyzed by the enzyme, while xylobiose was not degraded even in long term incubations.
The main product from xylotetraose and xylotriose hydrolysis was xylobiose, while xylose was detected in small amount. Xylo-oligosaccharides of higher degree of polymerization than the starting substrate were produced by the action of crude enzyme on xylotetraose and xylotriose, indicating that the enzyme has transxylosidase activity. The lack of activity on xylobiose, a typical substrate for P-xylosidases, and its mode of action on xylan and xylo-oligosaccharides indicate that the enzyme is a xylanase of endo type of hydrolysis. We call this enzyme xylanase B.
Churacterization ofxylmase B
The gene product contained in pX20 was analyzed by SDS-PAGE. Cell extracts from E. cclli 5K/pX20 showed a prominent 41 kDa protein band not found in extracts from E. coli 5K/pBR322 (Fig.  3A) . The band did not show xylanase activity when the gels were developed as zymograms. This could be due to xylanase inactivation under SDS-PAGE conditions. In fact, incubation of crude enzyme in buffers containing SDS and @mercaptoethanol irreversibly abolished enzymatic activity (data not shown). To check xylanase activity of the band Downloaded from https://academic.oup.com/femsle/article-abstract/137/2-3/285/485110 by guest on 23 February 2019 detected, samples were analyzed under no denaturing conditions, in native gels containing xylan, where a protein band of around 41 kDa was detected in extracts from E. coli 5K/pX20 but not in extracts from E. coli 5K/pBR322 (Fig. 3B) . The band showed xylanase activity when the native gels were developed as zymograms (Fig. 3C) . A sample of Bacillus sp. strain BP-23 extracellular fluid was analyzed in parallel, showing a xylanase activity band that comigrated with the xylanase band from E. coli 5K/pX20.
Zymogram analysis of isoelectric focusing gels revealed that xylanase B has an isoelectric point of 4.5 (data not shown).
The effects of pH and temperature on the activity of xylanase B were determined on cell extracts from E. coli 5K/pX20. Optimum pH for xylanase activity was 5.5. The enzyme showed high activity, more than 75% of maximum activity, in the pH range from 5 to 10, and was still active at pH 12 (12% of maximum activity). Thermostability assays indicated that the enzyme was rapidly inactivated at the temperature at which it showed the highest activity (5O"C), losing 100% of activity after 15 min incubation. At 35°C the enzyme remained basically stable after 1 h incubation.
The effect of different metal ions at a concentration of 10 mM on xylanase B activity was also determined. The enzyme was completely inhibited by Ag2+, Cu2+, Hg'+, Mn2+, Pb2+ and Sn'+. Strong inhibition was caused by Fe2+ and Zn2' (3.5 and 6.4% residual activity respectively). Little inhibition was caused by Co'+ and Ni2+. Ca2+ and Mg'+ did not affect enzyme activity, while Ba'+ produced a small stimulating effect.
Discussion
We have identified and characterized a new xylanase from the alkaliphilic Bacillus sp. strain BP-23 isolated in our laboratory. The enzyme, xylanase B, had not been previously identified in the SDS-zymogram analysis of the xylanases from the strain [6], probably as a consequence of inactivation of the enzyme by SDS.
Xylanase B was identified in two independent clones, which showed high activity on xylan and aryl xylosides. Subcloning experiments were performed to study if two different genes, responsible for the hydrolysis of the two types of subtrates, had been cloned simultaneously.
Plasmid pX60, containing an insert of 1.7 kb, conferred to cells the ability to degrade xylan and aryl xylosides. Attending to the molecular size of xylanase B, 41 kDa, the structural gene should be of around 1.3 kb. The insert of plasmid pX60 is not big enough to carry additional genes. This seems to indicate that activity on xylan and aryl xylosides is caused by the same enzyme. Accordingly, deletion of 0.3 kb from the end of pX60 insert abolished activity on both substrates.
The reported results suggested that xylanase B was a bifunctional enzyme showing both xylanase and P-xylosidase activity. However, the lack of activity on xylobiose indicates that the enzyme does not have P-xylosidase activity. Xylanases with activity on aryl P-D-xylosides have been described in fungi [4] and bacteria [3, 5] . Similarly to xylanase B, these enzymes do not hydrolyze xylobiose. Xylanase B is novel in the fact that it shows higher specific activity on oNP-P-xyloside (1.289 U/mg) and pNP-P-xyloside (0.508 U/mg protein) than on xylan (0.233 U/mg for birchwood xylan). The significance of aryl xylosidase activity in xylanase B is not well understood, but could suggest an exo-type of catalytic activity as has been described recently for an exoxylanase from Prevotella ruminicola [ 121. According to Reilly [13] exoxylanases produce xylose at high rates from xylan and have little or no transferase activity. Xylanase B does not seem to fit this type of xylanases as it produces xylose from xylan in small amount, and shows transferase activity on xylotetraose and xylotriose. On the contrary, the activity of the enzyme on xylan, giving rise to xylotetraose and xylobiose as main products, indicates that xylanase B is an endoxylanase. Thin-layer chromatograms of products of xylo-oligosaccharide degradation by the enzyme show that xylotetraose hydrolysis proceeds faster than hydrolysis of xylotriose. Increasing rate of hydrolysis on xylo-oligosaccharides of increasing degree of polymerization is a common feature among endoxylanases. Xylanase B degrades xylotriose giving rise to xylobiose as the main product, while very little xylose is detected. Similar results have been described for a xylanase from Cryptococcus albidus, where transferase activity of the enzyme can generate xylobiose as the only reaction product from xylotriose [ 141. The C. albidus xylanase releases p-nitrophenol from pNP$-xyloside as a result of transferase activity. A similar endoxylanase showing transxylosidase activity on pNP-P-xyloside has been described in Irpex lacteus [I 51 . Similarly, xylanase B activity on aryl xylosides could be the result of transferase activity of the enzyme, detected by thin-layer chromatography.
